TITLE OF THE INVENTION 

CAMERA INTEGRAL WITH OPTICAL FIBER 

TECHNICAL FIELD 
[0001] 

The present invention relates to a camera integral with 
optical fibers. 

BACKGROUND ART 
[0002] 

Conventionally, a camera integral with optical fibers is 
used, for example, for dental or other medical uses. This kind 
of camera is required to be small, as well as to light up an 
area to be treated. In order to meet these requirements, a 
camera is provided with an illumination device using optical 
fibers. Such a camera is disclosed, for example, in Japanese 
laid-open publication No. Hei. 8-332170A (pages 3 to 4, and 
Figure 1 ) . 
[0003] 

Figure 11 shows a front-end part of a conventional camera 
integral with optical fibers. A camera 101 has a tubular 
housing 103, in which a CCD or other imaging devices and an image 
processing circuit are housed. On the side of the front end 
of the housing 103 is provided a shooting window 105, in which 
a prism is inserted. Light that enters through the shooting 
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window 105 is bent by the prism and guided in the tube direction . 
Emission windows 107 are placed as an illumination device on 
both sides of the shooting window 105. 
[0004] 

Figure 12 is a cross section of the camera of Figure 11. 
As shown in the figure, an optical fiber component 109 is fixed 
in the housing 103. The optical fiber component 109 is an 
aggregate of thin fibers. Many thin fibers are bundled with 
a front-end fitting 111 and hardened by a bonding agent, thus 
producing the part having the configuration shown in the figure . 
This separate part, the optical fiber component 109, is fixed 
in the housing 103 by hand. 
[0005] 

In the assembling work, the optical fiber component 109 
is inserted into the housing 103 from behind so that the 
front-end fitting 111 goes farther and farther into the housing 
103, and then the front-end fitting 111 is placed near the 
emission window 107. When used, the optical fiber component 
109 guides illumination light, which is then emitted from the 
emission window 107. 
[0006] 

Additionally, sapphire glass is inserted in and bonded 
to the emission window 107, thus ensuring sufficient waterproof 
capability . 
[0007] 
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As described above, the optical fiber component, that is 
a separate component bundled with the front-end fitting, is 
fixed to the conventional camera integral with optical fibers. 
For this reason, it is not easy to form the part using the fitting, 
to incorporate the part, and to incorporate the optical fiber 
component into the housing. In addition, since the sapphire 
glass for waterproof use is inserted in the emission window 107 
in the conventional camera integral with optical fibers, light 
emitted from the optical fibers is reflected off the sapphire 
glass. Conseguently, the amount of light decreases by the 
amount corresponding to the reflection. 

DISCLOSURE OF THE INVENTION 

Problems to be solved by the invention 

[0008] 

A purpose of the invention made in the above-mentioned 
background is to provide a camera integral with optical fibers 
that has sufficient waterproof capability, is easy to produce, 
and prevents a decrease in the amount of light. 

Means for solving the problems 
[0009] 

A camera integral with optical fibers of the invention 
comprises: a tubular housing having an emission window; and a 
unitized optical fiber bundle which is a bundle of light guiding 
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optical fibers unitized on an inner surface of the housing, 
wherein the unitized optical fiber bundle is provided on and 
bonded to the inner surface of the housing with the fibers bonded 
together by a bonding agent, and wherein an end section of the 
unitized optical fiber bundle reaches the emission window to 
be exposed. 
[0010] 

There are other aspects of the invention as described 
below. This disclosure of the invention therefore intends to 
provide part of aspects of the invention and does not intend 
to limit the scope of the invention described and claimed 
herein . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] 

Figure 1 shows a cross section of a camera integral with 
optical fibers according to an embodiment of the invention; 

Figure 2 shows a perspective view of the camera integral 
with optical fibers according to the embodiment of the 
invention; 

Figure 3 shows a housing and optical fibers of the camera 
integral with optical fibers according to the embodiment of the 
invention; 

Figure 4 shows a step of inserting optical fibers in a 
method of producing the camera integral with optical fibers 
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according to the embodiment of the invention; 

Figure 5 shows a step of molding a fiber bundle in the 
method of producing the camera integral with optical fibers 
according to the embodiment of the invention; 

Figure 6 shows the step of molding the fiber bundle in 
the method of producing the camera integral with optical fibers 
according to the embodiment of the invention; 

Figure 7 shows the step of molding the fiber bundle in 
the method of producing the camera integral with optical fibers 
according to the embodiment of the invention; 

Figure 8 shows a step of grinding an emission window in 
the method of producing the camera integral with optical fibers 
according to the embodiment of the invention; 

Figure 9 shows a step of attaching a silicone tube in the 
method of producing the camera integral with optical fibers 
according to the embodiment of the invention; 

Figure 10 shows a step of cutting an insert pipe in the 
method of producing the camera integral with optical fibers 
according to the embodiment of the invention; 

Figure 11 is a perspective view showing a configuration 
example of a conventional camera integral with optical fibers; 
and 

Figure 12 is a cross-sectional view showing the 
configuration example of the conventional camera integral with 
optical fibers. 
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DESCRIPTION OF THE SYMBOLS 
[0012] 

1 : camera 

3: housing 

5 : shooting window 

7: emission window 

9: unitized optical fiber bundle 

11: inner surface 

13: end section 

15: exposed section 

17: housing surface 

19: rear section 

21: optical fiber bundle 

23: silicone tube 

25: insert pipe 

2 7 : rear end 

29: rear opening 

31: inner mold 

33: outer mold 

BEST MODE OF EMBODYING THE INVENTION 
[0013] 

Now, the invention will be described in detail . However, 
the following detailed description and appended drawings are 



6 



not intended to limit the invention. Alternatively, the scope 

of the invention is defined by the appended claims. 

[0014] 

A camera integral with optical fibers of this embodiment 
comprises: a tubular housing having an emission window; and a 
unitized optical fiber bundle which is a bundle of light guiding 
optical fibers unitized on an inner surface of the housing, 
wherein the unitized optical fiber bundle is provided on and 
bonded to the inner surface of the housing with the fibers bonded 
together by a bonding agent, and wherein an end section of the 
unitized optical fiber bundle reaches the emission window to 
be exposed. 
[0015] 

In this configuration, since the above unitized optical 
fiber bundle, a bundle of optical fibers unitized on the inner 
surface of the housing, is provided, optical fibers as a 
separate component bundled with a front-end fitting can be 
eliminated, and the assembly work of fixing optical fibers 
becomes unnecessary. Consequently, the production becomes 
easy. In addition, the end section of the unitized optical 
fiber bundle exposed directly from the housing allows 
conventional sapphire glass to be eliminated, while ensuring 
sufficient waterproof capability. A decrease in the amount of 
light caused by sapphire glass can therefore be avoided. In 
this way, a camera integral with optical fibers can be provided 
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that has sufficient waterproof capability, is easy to produce, 

and prevents a decrease in the amount of light. 

[0016] 

In this camera integral with optical fibers, an exposed 
surface of the unitized optical fiber bundle in the emission 
window is on the same level with a surrounding housing surface. 
[0017] 

In this configuration, a structure can be easily produced 
in which an end section of the unitized optical fiber bundle 
is exposed from the housing. The exposed surface of the 
unitized optical fiber bundle may have a common work surface 
with the surrounding housing surface. 
[0018] 

As described above, the camera integral with optical 
fibers having the above configuration carries the advantage 
that it has sufficient waterproof capability, is easy to produce, 
and can avoid a decrease in the amount of light. 
[0019] 

Another aspect of the invention is a method of producing 
a component of the camera integral with optical fibers. This 
method will also be described in the embodiment. This method 
brings the advantage of facilitating the production of the 
component of the camera integral with optical fibers. 
[0020] 

Now, the camera integral with optical fibers of the 
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embodiment of the invention will be described with reference 

to the drawings . 

[0021] 

Figure 1 is a cross-sectional view showing a camera 
integral with optical fibers of an embodiment of the invention, 
and Figure 2 is a perspective view of its external appearance. 
As shown in Figure 2, a camera 1 is almost the same in appearance 
as conventional cameras. The camera 1 has a tubular housing 
3, which is a stainless-steel camera case. In the housing 3 
are housed a CCD or other imaging device and an image processing 
circuit. On the side of the front end of the housing 3 is 
provided a shooting window 5, in which a prism is inserted. 
Light that enters through the shooting window 5 is bent by the 
prism and guided in the tube direction (hereinafter meaning the 
longitudinal direction of the tube) , and reaches the imaging 
device through an optical system. Emission windows 7 are placed 
as an illumination device on both sides of the shooting window 
5. 

[0022] 

In the cross section of Figure 1, the housing 3 
incorporates a bundle of optical fibers. In the embodiment, 
the bundle of optical fibers is unitized on the inner surface 
of the housing. This bundle of optical fibers is called the 
"unitized optical fiber bundle." One optical fiber is, for 
example, 30 micrometers in diameter. The unitized optical 
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fiber bundle 9 therefore comprises a great many optical fibers. 
[0023] 

The unitized optical fiber bundle 9 is placed like a 
membrane on an inner surface 11 of the housing 3. The unitized 
optical fiber bundle 9 comprises a lot of thin optical fibers, 
which are bonded to the inner surface 11 with the fibers bonded 
together by a bonding agent. Though not shown in Figure 1, the 
unitized optical fiber bundle 9 is divided into two halves 
corresponding to the two emission windows 7. Each half covers 
approximately half of the inner surface 11 of the housing 3. 
[0024] 

In the housing 3, the unitized optical fiber bundle 9 is 
provided in the tube direction, and is bent in the front-end 
part of the housing 3 toward the emission window 7 . Actually, 
each one of the optical fibers is bent in the bent section. In 
addition, the cross-sectional shape of the unitized optical 
fiber bundle 9 changes in the bent section. That is, the 
cross-sectional shape changes from the membrane-like shape 
running along the inner surface of the housing 3 to an 
approximately rectangular shape spreading along the emission 
window 7 . 
[0025] 

An end section 13 of the unitized optical fiber bundle 
9 reaches the emission window 7 of the housing 3 to be exposed. 
The end section 13 is full of many optical fibers, and a bonding 
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agent is filled between each of the optical fibers. This 
configuration ensures sufficient waterproof capability. At 
the emission window 7, an exposed surface (end surface) of an 
exposed section 15 of the unitized optical fiber bundle 9 is 
enclosed by a housing surface 17 surrounding the exposed surface, 
and the exposed surface (end surface) is a common work surface 
with the surrounding housing surface 17. Consequently, the 
exposed surface (end surface) is on the same level with the 
surrounding housing surface 17. 
[0026] 

Figure 3 shows the housing 3 as one component comprising 
the unitized optical fiber bundle 9. Rear sections 19 of the 
unitized optical fiber bundle 9 protrude from the rear of the 
housing 3. In the following description, the rear means a 
direction away from the front end along the tube direction of 
the housing 3. 
[0027] 

As previously described, the unitized optical fiber 
bundle 9 is divided into two halves in the housing 3, and each 
half covers approximately half of the housing 3. Corresponding 
to this configuration, the two rear sections 19 are also seen 
at the rear of the housing 3. As with the fibers in the housing 
3, each rear section 19 is molded like a membrane. 
[0028] 

In a completed camera, the rear section 19 is housed in 
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another housing, not shown, in the rear. The rear housing is 
coupled to the housing 3, and is larger in outer diameter than 
the housing 3. The rear housing also incorporates a substrate 
and a light source . Additionally, an imaging cable extends from 
the rear housing. 
[0029] 

Rear sections further behind the rear sections 19 of the 
unitized optical fiber bundle 9 are not-yet bonded optical fiber 
bundles 21 (The rear section 19 may be called a middle section, 
and alternatively the rear section behind the rear section 19 
may be called a rear section. The rear section behind the rear 
section 19 may also be called a tail section) . The optical fiber 
bundle 21 is bundled here with a silicone tube 23. The optical 
fiber bundles 21 are then inserted into an insert pipe 25 in 
the rear of the silicone tubes 23. The optical fiber bundles 
21, divided into two, join together at the insert pipe 25. 
[0030] 

On a rear end 27 of the insert pipe 25 is formed a common 
ground surface of the insert pipe 25 and the optical fiber 
bundles 21. Though not shown in the figure, light emitted from 
the light source is guided by another optical fiber and then 
passed on through the rear end 27 of the insert pipe 25. The 
light is then guided through the unitized optical fiber bundle 
9 to the front end of the camera, and is emitted from the emission 
window 7 . The two-way split structure provided in the light 
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guide system facilitates parts replacement at the time of 

trouble, and can therefore improve serviceability. 

[0031] 

A method of producing the camera integral with optical 
fibers of the embodiment will be described next. As shown in 
Figure 4, the not-yet bonded optical fiber bundle 21 is inserted 
into the housing 3 in the first place. An optical fiber is, 
for example, approximately 30 micrometers in diameter, so a 
great many optical fibers are inserted. The optical fiber 
bundle 21 is inserted from the emission window 7 and comes out 
from a rear opening 29 of the housing 3. At this time, each 
fiber of the optical fiber bundle 21 bends in the housing 3. 
As shown in the figure, the optical fiber bundle 21 thus goes 
through the housing 3 and protrudes from the emission window 
7 and from the rear opening 29. 
[0032] 

As shown in Figure 5, a bonding agent is applied to part 
to be unitized of the optical fiber bundle 21. The application 
area is an area corresponding to the above-described unitized 
optical fiber bundle 9. The bonding agent is also applied to 
an area corresponding to the rear section 19. The bonding agent 
is, for example, a thermosetting silicone adhesive. Figure 5 
also shows that an inner mold 31 is attached to the housing 3. 
An outer mold 33 is then attached around the inner mold 31. 
[0033] 
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The inner mold 31 is a rod-like member that corresponds 
to a core. The inner mold 31 is inserted into the housing 3. 
In the state where it is inserted, a gap is formed between the 
inner surface 11 of the housing 3 and the inner mold 31. The 
shape of the gap corresponds to the unitized optical fiber 
bundle 9 to be molded. The optical fiber bundles 21 with the 
bonding agent applied thereto are put in this gap. In an area 
where the unitized optical fiber bundle 9 is not formed, the 
inner mold 31 is shaped so that it is in close contact with the 
housing 3. This close-contact section locates the inner mold 
31 against the housing 3. 
[0034] 

The outer mold 33 has a cylindrical shape. The outer mold 
33 is attached in a state where the inner mold 31 is inserted 
into the housing 3. The outer mold 33 is attached around part 
of the inner mold 31 which protrudes from the housing 3. As 
shown in the figure, the outer mold 33 has a two-division 
structure, and the two halves are put together. 
[0035] 

The outer mold 33 forms a gap with the inner mold 31. The 
shape of this gap corresponds to the rear sections 19 of the 
unitized optical fiber bundle 9. Part of the optical fiber 
bundle 21 that protrudes toward the rear from the housing 3 is 
put in this gap. However, the inner mold 31 is in close contact 
with the outer mold 33 in some upper and lower sections. The 
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optical fiber bundles 21 do not get into these close-contact 
sections . This also corresponds to the above-described 
two-division structure of the rear sections 19. 
[0036] 

Referring to Figure 6, the bonding agent is cured in the 
state where the inner mold 31 and the outer mold 33 are attached. 
For example, the cure process is performed at a temperature of 
80 degrees Celsius for two hours. After the cure, the outer 
mold 33 and the inner mold 31 are removed as shown in Figure 

7. The optical fiber bundles 21 are bonded like a membrane on 
the inner surface 11 of the housing 3 and unitized with the 
housing 3 to be the unitized optical fiber bundle 9. The rear 
sections 19 of the unitized optical fiber bundle 9 are also 
molded like a membrane as a result of being put between the inner 
mold 31 and the outer mold 33. The rear sections 19 protrude 
from the rear of the housing 3. In the rear further behind the 
rear sections 19, the optical fibers are still free and 
separated from each other since the bonding agent was not 
applied thereto. 

[0037] 

In the next step, part of the optical fiber bundle 21 that 
protrudes from the emission window 7 is cut off as shown in Figure 

8. An end section of the optical fiber bundle 21 is first cut 
leaving approximately 2 mm. This 2 mm section is then cut off 
by grinding. In the grinding process, the optical fiber bundle 
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21 is ground together with the housing surface 17 surrounding 
the emission window 7. As a result, the exposed section 15 of 
the end section 13 of the unitized optical fiber bundle 9 becomes 
a surface that is on exactly the same level with the surrounding 
housing surface 17. The housing 3 is subjected to a blast 
treatment after the grinding. 
[0038] 

As shown in Figure 9, part of the optical fiber bundle 
21 is left not-yet bonded in the rear sections further behind 
the rear sections 19 of the unitized optical fiber bundle 9. 
This part of the optical fiber bundle 21 is drawn through the 
silicone tube 23 to be bundled. The silicone tube 23 circularly 
bundles the optical fiber bundle 21 by heat shrinkage. In 
addition, as shown in Figure 10, the optical fiber bundle 21 
is inserted into and bonded to the insert pipe 25 in the rear 
of the silicone tube 23. The optical fiber bundles 21, divided 
into two, join together at this insert pipe 25. The rear end 
27 of the insert pipe 25 is then ground together with the optical 
fiber bundle 21 inside. 
[0039] 

In this way, optical fibers are unitized with the housing 
3 . A prism is inserted into the shooting window 5 of the housing 
3. The housing 3 is also coupled with another housing in the 
rear (see Figure 2) . It further incorporates an imaging device, 
a substrate, a light source, an imaging cable, and other various 
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components, so that the camera 1 is brought to completion. 
[0040] 

As described above, the camera integral with optical 
fibers 1 of the embodiment is provided with the light-guiding 
unitized optical fiber bundle 9 unitized on the inner surface 
of the housing, and therefore optical fibers as a separate 
component bundled with a front-end fitting can be eliminated. 
The assembly work of fixing optical fibers becomes unnecessary. 
Consequently, the production becomes easy. In addition, the 
end section of the unitized optical fiber bundle 9 is exposed 
directly from the emission window 7 of the housing 3. As a 
result, conventional sapphire glass can be eliminated while 
sufficient waterproof capability is ensured. A decrease in the 
amount of light caused by sapphire glass can therefore be 
avoided. In this way, the camera integral with optical fibers 
1 can be provided that has sufficient waterproof capability, 
is easy to produce, and prevents a decrease in the amount of 
light . 
[0041] 

Additionally, in the camera integral with optical fibers 
1 of the embodiment, the optical fiber bundle is placed like 
a membrane on the inner surface of the housing and bonded thereto 
The optical fiber not taking up much space also has an advantage 
in miniaturization, and can contribute to a reduction in the 
diameter of the camera. 
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[0042] 

Moreover, in the camera integral with optical fibers 1 
of the embodiment, the exposed surface of the unitized optical 
fiber bundle 9 in the emission window is on the same level with 
the surrounding housing surface, so that the structure can be 
easily provided in which the end section of the unitized optical 
fiber bundle 9 is exposed from the housing . In the above example, 
the both surfaces are worked at a time. 
[0043] 

Furthermore, a method of producing the camera integral 
with optical fibers and a component thereof has been described 
in the above embodiment. Another aspect of the invention is 
such a method of producing the camera integral with optical 
fibers or a component thereof. In the above example, the inner 
mold is used and the unitized optical fiber bundle is suitably 
formed. The above method can eliminate an optical fiber bundle 
as a separate component bundled with a front-end fitting. The 
assembly work of fixing optical fibers therefore becomes 
unnecessary. Consequently, the production becomes easy. 
[0044] 

While there has been described what are at present 
considered to be preferred embodiments of the invention, it will 
be understood that various modifications may be made thereto, 
and it is intended that appended claims cover all such 
modifications as fall within the true spirit and scope of the 
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invention . 



Industrial applicability 
[0045] 

The invention has advantages that it ensures sufficient 
waterproof capability, is easy to produce, and can avoid a 
decrease in the amount of light, and it is useful as a camera 
for dentists or the like. 
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